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Context.--The association between in utero exposureto diethylstilbestrol (DES) occurrence of cancer, precursor lesions,
and clear cell adenocarcinoma (CCA) of the vagina and cervix is well known, yet andreproductive effects,5-7but system-
there has been no systematic study of DES-exposed daughters to determine atic follow-up of these cohorts had

ceased by 1990. Concern has arisen thatwhether they have an increased riskof other cancers. As many as 3 million women
in the United States may have been exposed to DES in utero. DES-exposed daughters may be athigher risk of breast cancer, s Exposure

Objective.--To determine whether women exposed to DES in utero have a to high levels of endogenous estrogen in
higher risk of cancer after an average of 16 years of follow-up, utero has been hypothesized to increase

Design.--A cohort study with mailed questionnaires and medical record review the risk of breast cancer 9 and DES is a
of reported cancer outcomes, potent estrogen. We conducted a study

Participants._A cohort of 4536 DES-exposed daughters (of whom 81% to ascertain the risk ofbreast and other
responded) and 1544 unexposed daughters (of whom 79% responded) who were cancers in women exposed to DES in
first identified in the mid-1970s, utero by combining the previously iden-

Main Outcome Measures.mCancer incidence in DES-exposed daughters tiffed cohorts, beginning follow-up in
1978 and extending it through 1994.compared with population-based rates and compared with cancer incidence in un-

exposed daughters.
Results.inTo date, DES-exposed daughters have not experienced an increased METHODS

risk for all cancers (rate ratio, 0.96; 95% confidence interval [CI],0.58-1.56) or for Subjects
individual cancer sites, except for CCA. Three cases of vaginal CCA occurred Three individual cohorts are included
among the exposed daughters, resulting in a standardized incidence ratio of 40.7 in this combined follow-up study. The
(95% CI, 13.1-126.2) in comparison with population-based incidence rates. The ]argest cohortconsistsof4936womenen-
rate ratio for breastcancer was 1.18 (95% CI,0.56-2.49); adjustment for known risk ro]]edin the National CooperativeDieth-
factors did not alter this result, ylstilbestrol Adenosis (DESAD) study

Conclusions._Thus far, DES-exposed daughters show no increased cancer during the mid-1970s2Nearly half of the
risk, except for CCA. Nevertheless, because exposed daughters included in our exposedsubjectswere identified by pre-
study were, on average, only 38 years old at last follow-up, continued surveillance natal record review at 5centers.The re-

mainder were referred by physicians or
is warranted to determine whether any increases in cancer risk occur during the were self-referrals but were required to
menopausal years, have documented exposure to DES.

JAMA. 1998;280:630-634 Women not exposed to DES in utero
were selected from the same record

DIETHYLSTILBESTROL (DES), a women in the United States and Europe sources as the exposed subjects or were
drug first synthesized in 1938) was ad- for the prevention of spontaneous abor- sisters ofexposed subjects. Women were
ministered to several million pregnant tion and premature delivery. 2 In 1971, followed yearly with either clinical ex-

Herbst et al_reported a strong associa- aminations (through 1980) or mailed
FromtheDivisionofCancerEpidemiologyandGo- tion between DES use inpregnancy and questionnaires (from 1984through 1989).
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non, NH (Dr Titus-Ernstoff); Department of Obstetrics
andGynecology,UniversityofMassachusettsMedical spring exposed in utero, including repro- nancy in the early 1950s._°In 1974, at-
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andGynecology.BaylorCollege ofMedicine,Houston. changes, behavioral and sexual abnor- this cohort, and 83% of exposed and 77%
Tex (Drs Kaufman and Adam); Department of Obstet-
rics andGynecology, University ofChicago.Chicago, realities, and increases in various repro- of unexposed subjects responded to a
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tho,ogyandObstetricsandGynecobgy.DukeUniver- However, the applicability of these ex- was episodic during the 1980s; subjects
sity Medical Center, Durham, NC (Dr Robboy); and In-
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Table 3.----Cancer Risk in Daughters Exposed or Unexposed to Diethylstilbestrol, Compared With SEER Incidence Rates, and Relative Risk of Cancer, Comparing

Exposed With Unexposed Daughters*

Exposed (n=4536)'1" Unexposed (n = 1544)§
I _ I I Rate Ratio

Cancer Site Observed Expected SIR (95% CI)4: Observed Expected SIR ,95% CI):[: (95% CI)J[

All cancer_ 61 56.7 1.08 (0.82-1.38) 22 20.6 1.07,0.67-1.62) 0.96 (0.58-1.56)

Breast 29 24.3 1.19 (0.83-1.72) 9 9.2 0.98 0.51-1.88) 1.18 (0.56-2.49)

Clear cell adenocarcinoma 3 0.07 40.7 (13.1-126.2) 0 0.02 0 0-149.8) = (0.08 -:c)

Ovary 5 4.1 1.21 (0.50-2.90) 1 1.5 0.69 0.10-4.87) 1,54 (0.18-13.22)

Endometrium, uterus or not otherwise specified 3 2.4 1.26 (0.41-3.92) 3 0.9 3.29 1.06-10.19) 0,34 (0.07-1.69)

Thyroid 4 6.2 0.64 (0.24-1.71) 0 2.1 0 0-1.43) _ (0.15-_)

Digestive system 2 3.7 0.54 (0.14-2.17) 2 1.4 1.44 0.36-5.77) 0.35 (0.05-2.46)

Lung 1 2.2 0.46 (0.06-3.26) 1 0.9 1.15 0.16-8.14) 0.29 (0.02-4.67)

Brain 3 2.0 1.48 (0.48-4.58) 0 0.7 0 0-4.28) :c (0.10-_)

Leukemia/lymphoma 9 6.7 1.34 (0.70-2.58) 3 2.3 1.33 ).43-4.12) 0.86 (0.23-3.21)

Hodgkin 5 2.7 1.84 (0.77-4.42) 0 0.8 0 (0-3.75) = (0.18-_)

Leukemia 2 1.6 1.22 (0.30-4.88) 2 0.6 3.44 (0.86-13.74) 0.33 (0.04-2.45)

*SEER indicates Surveillance, Epidemiology, and End Results; CI, confidence interval.
1"68110 Person-years.
:l:Standardized incidence ratio (SIR) using age and calendar-year SEER rates to obtain expected values.
§22 599 Person-years.
IIAge-adjusted rate ratio, comparing exposed with unexposed daughters.
¶All cancers excluding cancer of the cervix and melanoma.

3 cases occurred among the 29 111 per- Table 4.--Cancer Risk in Daughters Exposed to Diethylstilbestrol by Original Cohort and by Time Since

son-years accumulated by the cohort up Exposure*
through 29 years of age. There were no AllCancert BreastCancer
cases in the 38999 person-years accumu- I ] ,
lated after 30 years of age. If we apply Cases, RateRatio:l: Cases, RateRatio:_
this rate of 1 per 10 000 cases per year to NO. (95%Ci) No. (95%Ci)
the 15-year time span when the vast ma- CohortDESAD 67 1.17 (0.63-2.13) 32 1.33 (0.55-3.25)

jority of cases are diagnosed(h'om age Record review subjects 36 0.94 (0.47-1.89) 19 1.24 (0.48-3.28)
15through 29 years), then our estimate
of the cumulative incidence rate be- Dieckmann 13 0.57 (0.19-1.73) 6 0.91 (0.18-4.49)

Home 3 1.14 (0.10-12.66) 0 ...

comes1.5per 1090exposedwomen.This Attainedage.y (timesinceexposure)
is at the upper end of the range of 1 per <40 54 0.79(0.43-1.46) 20 0.66(0.26-1.88)
1000to 1 per 10000 estimated in 1979 >_40 29 1.22(0.52-2.87) 18 3.17(0.73-13.83)
and remarkably close to the rate ofl per
1000through 34 years of age estimated *ct indicates confidence interval; DESAD, National Cooperative Diethylstilbestrol Adenosis Project."l-Excludes cancer of the cervix and melanoma.
from population data in 1987.17 Thus, SAge-adjusted rate ratio, comparing exposed with unexposed daughters.

DES exposure leads to a large relative
increase in the risk of CCA, but it affects
only a small proportion of all exposed among those exposed to DE Sis focused pected rate of breast cancer among un-
women. The lack of any cases in the co- on breast cancer. Indeed, several inves- exposed women in this age group.
hort thus far older than 30 years is en- tigators have hypothesized that breast Previous analysis of data from the
couraging. However, several cases of cancer risk in general may be associated DESAD study found no statistically sig-
primary CCAin exposed women in their with in utero exposure to elevated es- nificant difference in the prevalence of
40s have been reported recently to the trogen levels, 9_-27and some associations squamous cell lesions of the cervix in the
Registry for Research on Hormonal have been reported for variables that DESAD cohort at their initial screening
Transplacental Carcinogenesis (Arthur may reflect endogenous in utero estro- examination 2sbut noted a 2-foldexcessin
L. Herbst, MD, oral communication, No- gen levels, such as maternal age, twin theincidence ofsquamous cervicalintrae-
vember 10, 1997), and there is major in- status, and preeclampsia during the in- pithelial neoplasia (CIN) among exposed
terest in evaluatingrisk when the cohort dex pregnancy. If the hypothesized re- daughters at subsequent examinations. 2_
reaches their 50s and 60s, when CCA is lationship is due to estrogenicity itself, The absence of an increased risk of inva-
most common in unexposed women, rather than to the chemical structure of sive cervical cancer even in the presence

The effect of DES exposure on male the estrogen, then perhaps the best test of excess risks of CIN might not be sur-
offspring is still unknown. Animal stud- of this hypothesis would be among worn- prising, since exposed daughters undergo
ies have suggested an increased risk of en exposed in utero to the extraordinar- frequent screening, with precursor le-
testicular cancer and several case-con- ily high levels achieved during DES sions likely treated aggressively. An im-
trol studies have attempted to assess treatment. Among the entire cohort, we portant limitation of our study is the ab-
this association, but results have been found no evidence of an increased risk of sence of pathology reports for many of
inconsistentY Diethylstilbestrol has breast cancer in women exposed to DES the cervicallesions reported on the ques-
been associated with a small increase in in utero. However, among women who tionnaires, due either to lack of response
breast cancer risk in mothers exposed were aged 40years and older, there was by hospital pathology departments or to
during pregnancy, 1_ although the stud- a suggestion of a higher risk in the DE S- subjects' lack of consent for retrieval of
ies are not entirely consistent. TM Be- exposed daughters compared with the medical records. The pathology reports
cause of the multiple lines of evidence unexposed daughters, but this result obtained showed poor agreement be-
linking estrogen to breast cancer risk, was not statistically significant and ap- tween the questionnaire and the patholo-
perhaps the most attention and concern peared to be due to a lower-than-ex- gist's diagnosis. However, even when we
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included those reported cases of cervical used individual dates of last follow-up, eluded in our study are currently younger
cancer for which we did not obtain pathol- The major limitation, however, relates than 50 years, it will be important to con-

ogy reports, the risk in exposed women to the relatively young age of cohort tinue follow-up of the cohort to monitor

was not significantly elevated, either members, leading to a limited expected cancer risk as the cohort ages.

compared with SEER rates or with un- numberofspecificcancers.Forexample,

exposed daughters. The important re- our study has limited power (63%) to de-

maining question is DES exposure in re- tect an RR of 2 for breast cancer, al- We gratefully acknowledge the contributions and
guidance of members of the DES Steering Commit-

lation to risk of CIN subsequent to the though it has high power (97%) to iden- tee,includingPatCodyofDESAction, Margaret Lee
last report from the DESAD project in tify an RR of 3 ((_ = .05, 1-sided test). Braun and Susan Helmrich, PhD, oftheDESCancer

198423; we are currently collecting data to Thus, while no statistically significant Network, Edward Trimble, MD, Division of Cancer

address this risk. excess was noted for any site except Treatment, National Cancer Institute, and Heinz
Berendes, MD, National Institute of Child Health

While the size of this group, the docu- CCA, the wide CIs indicate that we can- and Human Development. We also thank Arthur L.
mentation of exposure, and the extent of not rule out potentially important in- Herbst, MD, for guidance throughout the conduct of

data collection all make this a uniquely creases in risk for any site. With respect this study. Without the dedication of the following

valuable cohort, it also has its limita- to breast cancer, the observations to individuals at each of the field centers, this study
would not have been possible: William Strohsnitter,

tions. For purposes of this analysis, fol- date relate to cancers occurring at a MS(UniversityofMassachusetts, Worcester), Mary
low-up began in 1978 shortly after as- young age. Any influence of DES on Ziegler, MS (Mayo Clinic, Rochester, Minn), Kath-

sembly of the component cohorts and breast cancer may only become discern- leen Rowlings, RN, MPH, and Hannah Lord (Boston

when the median age of the subjects was ible among those cases that occur in the University, Boston, Mass), Elizabeth Barnard (Bay-
lor College of Medicine, Houston, Tex), Diane Ander-

24 years. Thus, there was no opportu- more usual age range of the disease, son (University of Chicago, Chicago, Ill),and Shafika
nity to assess the risks of childhood ma- This cohort study is the first to exam- Abrahams-Gessel and Nancy Nutile-McMenemy

lignancies. We were also able to achieve ine systematically the risk of all forms of (Dartmouth Medical School, Lebanon, NH). We

complete follow-up on only 80% of the cancer in a large group of DES-exposed thankthestaffofInformationManagementServices,
including Elizabeth Hewlett, Sherrill Long, and Win-

eligible study population. However, daughters. The results should reassure the ifred V, Ricker, for their help in data preparation,
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